
Original Article 289Vol. 17, No. 4, 2003

Annals of Nuclear Medicine Vol. 17, No. 4, 289–295, 2003

ORIGINAL ARTICLE

Received January 6, 2003, revision accepted March 6, 2003.
For reprint contact: Sunao Mizumura, M.D., Department of

Radiology, Nippon Medical School, 1–1–5, Sendagi, Bunkyo-
ku, Tokyo 115–8603, JAPAN.

E-mail: sunaom@nms.ac.jp

INTRODUCTION

AN ANALYSIS METHOD by region of interest (ROI) has been
widely used as a conventional method to assess brain
SPECT/PET images. However, the ROI analysis method
has many problems, such as inadequate reproducibility
and poor objectivity in analyzing lesions randomly se-
lected by operators, and no capability to assess unknown
pathology. 3D brain image analysis methods using stereo-

tactic brain coordinates, such as three-dimensional ster-
eotactic surface projections (3D-SSP)1–3 and statistical
parametric mapping (SPM)4–6 are methods excellent in
objectivity and reproducibility, due to automatic brain
standardization and statistical processing of the whole
brain, thus overcoming problems of the ROI method.
These methods are excellent in abnormality detection in
such functional diseases as dementia with Alzheimer type
(DAT), and they are considered useful as diagnosis meth-
ods in many reports.7–10 A three dimensional (3D) brain
image analysis method presents statistically processed
results as 3D coordinates and brain maps, making it easy
to assess the spatial extent of an abnormal site. Brain
mapping by a 3D brain image analysis method is assur-
edly an effective method to grasp the entire image of an
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Through visual assessment by three-dimensional (3D) brain image analysis methods using
stereotactic brain coordinates system, such as three-dimensional stereotactic surface projections
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abnormal region, but it is difficult to clearly indicate
anatomical information of an abnormal site in visual
assessment of 3D images. Therefore, topography at the
boundary of an abnormal area cannot be specifically
shown, making it impossible to quantitatively assess the
extent of a lesion. In this situation, it is not a good choice
to perform ROI analysis of a brain map based on the
statistical results, to study local abnormal findings,
because artificial setting of ROI will result in loss of ob-
jectivity and reproducibility of analysis results, and eval-
uation without classification between an abnormal and
a normal region.

We devised a quantitative evaluation method, using the
extent and severity indices of lesion in the whole brain or
in the brain structure related to pathology. We classified
a brain surface display into segments according to the
anatomical structure, and prepared indices to assess the
extent and severity of lesion in respective segments, in
order to quantitatively identify an abnormal area accord-
ing to a 3D brain image analysis method. In this study, we
show the results of this analysis method in DAT cases.

SUBJECTS AND METHODS

We studied twenty-five cases with DAT (mean age ± s.d.,
68.9 ± 7.2), all of which were diagnosed as probable
Alzheimer’s disease based on NINCDS-ADRDA.11 As a
control group, we used 20 cases, age-matched with the
subjects, and showed only changes due to aging in white
matter in MRI and no abnormal neurological findings.

Data acquisition
We administered intravenous injection of I-123 iodo-
amphetamine 222 MBq to the subjects, at rest, with their

eyes closed while in the supine position. We performed
SPECT data collection (3 sec/step, 72 steps, 5 repeats) for
about 30 minutes, starting at 25 minutes after intrave-
nous injection. The matrix size was 128 × 128, and the col-
lection window was 160 keV, at 20%. For prefilter and
absorption correction, the Ramp-Butterworth filter (order
5, cutoff 0.26) and the Radial Post-correction method,
were used, and images were reconstructed using the back-
projection method. The image voxel size was 2 × 2 × 5
mm. The SPECT system used was a ring-type gamma
camera (SET-080; Shimadzu Co., Kyoto, Japan) with a
general-purpose fan-beam collimator (FWHM 12 mm).

We normalized the obtained transverse images of the
twenty subjects and the control group, and created brain
map data using the 3D-SSP program. Next, we prepared
Z-value surface data by conducting statistical processing
of the subject group (Student’s unpaired-t testing) or a
case (Jackknife testing), regarding the obtained brain map
data.

Segmentation based on the anatomical classification of a
brain map
We conducted data conversion to make 15,965 coordinate
data, of which the 3D-SSP brain map consist, conform to
the Talairach brain atlas.12 We obtained anatomical infor-
mation in respective brain coordinates, using the Talairach
Daemon (Research Imaging Center, University of Texas
Laboratory)13–15 for the coordinate data obtained after the
conversion.

We prepared a reference table in which the obtained
brain coordinates correspond to anatomical information,
and conducted Z-value association between the coor-
dinates in the prepared reference table and the case coor-
dinates. Subsequently, we calculated a total of coordinate

Table 1   Anatomical classification based on the Talairach Daemon database

Five types of classification are set up according to respective anatomical structures. Extent and
severity of each region can be calculated regardless of which classification is used.
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Fig. 1   Brain surface images, color-coded in six colors, and anatomically classified in four types. Brain surface images, classified
by four levels, out of five levels, except for Level 4 (classification of gray matter and white matter), were color-coded in six colors.
From the top, brain surface images classified by Level 1, Level 2, Level 3, and Level 5 are shown. As to the Level 5 Brodmann
Area classification, each segment consists of a small number of coordinates, and contiguous segments could not be well separated
on the display, but on the classification display of Level 1 to 3, anatomically structural separation was confirmed. In the Talairach
Daemon brain coordinates, information on the upper border of the vertex and the lower border of the cerebellum is lacking.

Fig. 2   Z-score map of comparison between the group of DAT cases and the group of control cases. From the top, brain surface
images of mean image and standard deviation image in DAT, brain surface images of mean image and standard deviation image
in control group, Z-score map on unpaired t-test are shown. Compared with the control group, the Z-score map of the group of
the DAT cases showed decreased accumulation in the posterior cingulate gyrus and vertex cortex.
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data with a Z-value that exceeds the threshold of the
Z-value set as a significant finding; the rate of the total
coordinates with significantly reduced Z-value in the total
of coordinates in respective segments (extent), and the
average and the standard deviation of coordinates with

significantly reduced Z-value (severity). We prepared a
table by combining the indices according to segments and
anatomical classification, and we assessed any significant
decrease of accumulation (stereotactic extraction estima-
tion method; SEE method).

Fig. 3   Z-score map of comparison between the group of DAT cases and the group of control cases. From the top, mean images
and Z-score map on first study, mean images and Z-score map on second study are shown. In the Z-score map at the initial test,
decreased accumulation was noted in the parietal cortex, temple cortex, and posterior cingulate gyrus. The Z-score map at the
test six months later showed expansion of lowered blood flow to the frontal cortex.

Table 2   Abstract from the SEE method results on brain maps of the group of DAT cases and the group of control cases, and
on Level 2 and 3 (lobe and gyrus level classification)

In each row, anatomical information, total coordinates, rate of abnormal coordinates in total coordinates, total coordinates of
abnormalities, mean of abnormalities, and standard deviation of abnormalities are presented from the left. In the SEE method results,
these characteristics of the images demonstrate a similar blood flow abnormality region to brain maps, also in comparison between
the groups.
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RESULTS

According to the Talairach Daemon, anatomical informa-
tion is segmented into five levels from 1 to 5: the hemi-
sphere, lobe, gyrus, cortex/white matter, and Brodmann
Area levels (Table 1 and Fig. 1). Further, information on
the right side and the left side was classified only in level
1, so the classification of left and right was added to each
level. As a result, respective levels were classified into 7,
100, 24, 6, and 88. The numbers of coordinates where
anatomical information was obtained by classification of

levels 1 to 5, out of the 15,965 coordinate data on the 3D-
SSP surface map, were 13,557 (84.9%), 13,370 (83.7%),
12,603 (78.9%), 9,006 (56.4%), and 6,148 (38.5%). In the
classification of Level 5: Brodmann Area, as it is origi-
nally part of the brain surface, data account for 40% or
below of all brain surface coordinates. According to other
classifications, coordinates in which anatomical informa-
tion could be obtained were 55 to 85% of all the brain
surface coordinates, as Talairach Daemon data do not
contain data on the upper border of the vertex and the
lower border of the cerebellum, and there were other

Table 3   Abstract from the SEE method results on brain maps in the initial test, and the six-month later test, in DAT cases, and
on Level 2 and 3 (lobe and gyrus level classification)

According to the analysis results classified by lobe level, extent of reduced accumulation in the parietal cortex and temple cortex was
80.4 to 92.0%, 76.5 to 91.4% on the left and 43.9 to 82.1%, 23.3 to 58.2% on the right, respectively. On the other hand, the reduced
accumulation region expanded from 34.7 to 74.1% and 14.9 to 47.6% of the frontal cortex, and quantitative assessment indicated similar
results to findings in brain surface images. In general, in ischemic diseases, expansion of the reduced blood flow region results in marked
level of lowering of local blood flow. However, in functional diseases, increased severity was seldom seen, indicating that lesion
expansion and severity of local disorder are not directly related.
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regions besides brain parenchyma, such as the sulcus of
the brain.

We show the results of comparison between DAT cases
and the control groups (Table 2 and Fig. 3). It is easy to
recognize spatial extent regarding the results of brain
maps when DAT cases were compared with the control
groups. However, quantitative and anatomical assess-
ment of the difference is inadequate. SEE method enables
direct comparison of differences in extent and severity
according to segments, between the two groups. As such,
it is understood that this method not only enables grasping
and quantification of regions but also facilitates compara-
tive study.

This method enables assessment also when changes
over time in one case are compared. We show the results
of this analysis in DAT cases from which data were
collected twice (Table 3 and Fig. 3). Visually also, changes
in the regions of abnormal blood flow can be confirmed,
but SEE method quantified the extent and severity of the
specific regions with an abnormality in blood flow. When
changes over time in one case are compared, one image
and another are compared, so it is not possible to statisti-
cally compare the change between the two images. On the
other hand, SEE method can quantify the results of
statistical comparison with the control group, so changes
in blood flow distribution can be obtained from the differ-
ence in extent and severity between the two brain maps.

DISCUSSION

For group comparisons, Student’s unpaired t-test and
paired t-test are generally used. 3D brain image analysis
methods, such as 3D-SSP and SPM, enable extremely
easy spatial recognition, as they indicate the extent of
abnormal regions on a brain map. While SPM aims to
indicate foci with a significant difference over the whole
brain, for activation test analysis, 3D-SSP has a clinical
purpose of diagnosing by detecting distribution forms of
abnormal regions in the brain. These analysis methods
have respective characteristics, and statistical results are
only displayed in images and brain coordinates for their
original purpose. In 3D mapping of the results of statis-
tical processing by Student’s t-test and Jackknife test,
anatomical identification and comparison of the extent of
abnormal regions by only visual assessment are difficult.
In these analysis methods, quantitative assessment is not
conducted sufficiently, with their latent potential being
hidden. To reflect anatomical information and indicate
the extent of a clearly abnormal regions, a method that
supplements such brain mapping is desired. The analysis
method we devised digitalizes local abnormalities on a
table, immediately from classification based on the ana-
tomical structure, enabling easy assessment. Consequently,
our method required strict normalization of brain images,
and quality control of the normalized image obtained by
3D-SSP is needed. Once quality control can be checked,

we expect the method to expand the possibilities of the 3D
brain image analysis method. Even in the case of “follow-
up on a single case in which group testing is not possible,”
it is possible to compare two images by assessing the
abnormal region by SEE method, using the results of the
Jackknife testing, obtained by comparison with the con-
trol group. The method has a possibility of yielding
indices for comparison of intra-subjects, which could not
be statistically compared. The decisive difference be-
tween the conventionally used ROI method and this
method, is that the ROI method is an analysis on a lesion
site that a technician randomly selects, while this method
enables analysis by selectively extracting a site judged as
being abnormal based on statistical results. With this
method, therefore, an abnormal site and a normal site can
be clearly distinguished.

Consideration for such accurate data extraction is seen
also in 3D-SSP.16 Accumulation evaluation on brain
cortex by the voxel of interest (VOI) method cannot avoid
underestimation caused by partial volume effect. In 3D-
SSP, data extract, which avoids influence due to partial
volume effect, is conducted by extracting the maximum
value of brain cortex data in the direction from the brain
surface tangentially. These data extract methods can be
said to be innovative data analysis methods to eliminate
errors caused by the classic ROI or VOI method, though
their purposes are different.

Further, our analysis methods aim to grasp an abnormal
region over the whole image by tallying the abnormal
sites in clinically significant regions, through classifica-
tion according to anatomical structure beforehand. In
particular, this method emphasizes on the concept of
extent, so analysis is conducted aiming to effectively
assess extent of an abnormal blood flow region. To assess
functional diseases, such as dementia, we think studying
the extent of the region of abnormal blood flow that causes
functional disorder is more rational than assessing the
severity of the blood flow abnormality that reflects local
tissue degeneration. The anatomical classification we
used in this study cannot be said to be adequate to inves-
tigate foci by brain activation testing, but for assessing
lesion extent, it is expected to be useful. Even with SPM
volume data, having the same concept on extent of an
abnormal region, this analysis method can be applied.
However, when anatomical classification is considered,
the number of segments to classify will be huge in volume
data analysis. Processing data tends to be complicated,
easily causing errors, so it is desirable, also from the
viewpoint of versatility, not to increase data without good
reason. Rather, use for information for a projection table,
like a brain map, is considered more effective as clinical
usage. In the Talairach Daemon, brain anatomy is classi-
fied into levels 1 to 5. Images with high resolution, such
as MRI and PET, can maintain reliability toward analysis
results even if detailed anatomical classification is con-
ducted. However, with a SPECT system, with low resolu-
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tion of about 10 mm in full width half maximum, data
reliability cannot be expected in the most detailed clas-
sification, such as of Brodmann Area. In other words, in
analysis using this method in SPECT, the region clas-
sification from the lobe level to the gyrus level will be
appropriate, but it is considered necessary to study the
limit of division analysis according to resolution of image
collection systems.

CONCLUSION

We classified brain coordinates into segments based on
brain anatomy, and devised a method to quantitatively
assess brain image abnormalities, based on numerical
indices in extent and severity, and anatomical information
on a brain map.
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